Dihydrolipoamide dehydrogenase (EC 1.8.1.4) catalyses the NAD-dependent oxidation of dihydrolipoamide (Williams, 1976) :
The enzyme fulfils this function in the pyruvate, 2-oxoglutarate and branched-chain 2-oxoacid dehydrogenase complexes (Reed, 1974; Perham, 1975; Pettit et al., 1978) and in the glycine cleavage system (Kikuchi & Hiraga, 1982) .
Anaerobic eubacteria and archaebacteria do not possess 2-oxoacid dehydrogenase complexes, but have instead ferredoxin oxidoreductases that catalyse the oxidation of pyruvate and 2-oxoglutarate to their corresponding acylCoA thioesters (Kerscher & Oesterhelt, 1982) . Lipoic acid is absent from these oxidoreductases and therefore it was surprising to find that halophilic archaebacteria possess a true dihydrolipoamide dehydrogenase (Danson et al., 1984 (Danson et al., , 1986 . There are also a number of eukaryotic organisms which lack functional mitochondria and therefore do not possess the complexes of which dihydrolipoamide dehydrogenase is normally a component. Trypanosoma brucei is one such organism and we have found dihydrolipoamide dehydrogenase in these cells; the enzyme appears to be specifically associated with the plasma membrane (Danson et al., 1987) .
It is important to establish the generality of occurrence of dihydrolipoamide dehydrogenase in the absence of the multienzyme complexes. Archaebacteria comprise three phenotypes: the extreme halophiles, the thermophiles and the methanogens. We have extended our studies into the second phenotype, the thermophilic archaebacteria, and the present communication reports the discovery of dihydrolipoamide dehydrogenase in one such representative species, Thermoplasma acidophilum.
Experiments were carried out with cell extracts prepared by treatment of cells (50 mg/ml) with 100 mM-Tris/HCl, pH 8.0, 2 mM-EDTA and DNAase I, followed by centrifugation (1OOOOg for 1Omin) to remove cell debris. Dihydrolipoamide dehydrogenase activity was detected in cell extracts of Tp. acidophilum at a specific activity of 0.012pmol NADH/min per mg protein. The enzyme showed a hyperbolic dependence of rate on the concentration of each substrate; the K,,, for NAD+ was determined to be 0.52 ( & 0.07)m~ and for dihydrolipoamide 0.83 ( f 0.06) mM. The relative molecular mass was determined to be 11 8 000 ( f 12000) by gel filtration on a Superose-12 f.p.1.c. column.
These enzymological properties are similar to those of the enzyme from non-archaebacterial species. Furthermore, the similarity extends to the catalytic mechanism which, in all dihydrolipoamide dehydrogenases studied, involves the alternate oxidation and reduction of an intrachain disulphide bond (Williams, 1976) . Evidence for such a mechanism for the Tp. acidophilum enzyme was gained from chemical modification with p-aminophenyldichloroarsine (NH,-PhAsCl,) , a tervalent arsenical specific for vicinal thiols (Stevenson et al., 1978) . Thus, the Thermoplasma dihydrolipoamide dehydrogenase was inactivated by NH,PhAsCl, only in the presence of NADH and dihydrolipoamide, both of which would reduce a catalytic disulphide bond to the dithiol form. In the absence of these ligands, NH,PhAsCl, caused no significant loss of enzymic activity.
Membranes of Tp. acidophilum were prepared by ultracentrifugation (120 OOOg for 60 min) of osmotically lysed cells. It was found that 30-50% of the dihydrolipoamide dehydrogenase sedimented with the membrane whereas the soluble enzymes citrate synthase and isocitrate dehydrogenase remained in the supernatant fraction. A membrane association of the dihydrolipoamide dehydrogenase is thus suggested.
The observations reported in this communication represent the first report of the presence of dihydrolipoamide dehydrogenase in a thermophilic archaebacterium. The existence of a dihydrolipoamide dehydrogenase in the absence of 2-oxoacid dehydrogenase complexes in archaebacteria and T . brucei suggests that this enzyme has an alternative metabolic role which remains to be elucidated; the fact that it is partially associated with the cell membrane may suggest a function specific to that location. Evidence has been presented that lipoic acid and dihydrolipoamide dehydrogenase may be involved in the binding-proteindependent transport of galactose and maltose in Escherichia coli (Richarme & Heine, 1986) . It is felt that further studies of the enzyme in the archaebacteria and in T . brucei will be valuable in identifying its alternative roles.
